Abstract The kairomonal activity of the sex pheromones of three pine bast scales, Matsucoccus feytaudi, Matsucoccus josephi, and Matsucoccus matsumurae, as well as a new analog of the M. feytaudi sex pheromone, were investigated in pine forests of France, Portugal, and Italy. The response of the maritime pine bast scale predators, Elatophilus spp. and Hemerobius stigma, was used to test the influence of trapping methods, kairomone composition, and dose. Both predators showed significant attraction to all compounds except to the sex pheromone of M. josephi. Significant increase in captures was observed as a function of dose, and within the studied dose range, up to 2200 mg, no threshold saturation limits were observed for any of the attractive compounds. Trap design and size did not significantly influence predator captures, except for high population levels of Elatophilus crassicornis, when plate traps were more efficient than delta traps. Geographic variations were found in the kairomonal responses patterns of both predators, with the M. matsumurae sex pheromone being more attractive to the oriental populations from Corsica and Italy, whereas the western populations in Aquitaine and Portugal were more attracted to the M. feytaudi sex pheromone.
Introduction
Pheromones represent one of the major components of ecologically based insect pest management (Howse et al., 1998) . Effectively, the use of these semiochemicals for monitoring, mass trapping, mating disruption, or lure-and-kill has been investigated or developed during recent decades (e.g., Taschenberg et al., 1974; Brockerhoff and Suckling, 1999, Millar et al., 2002) . However, although pheromones are generally viewed as environmentally sound, some practical problems regarding their safety could arise from their kairomonal activity. In effect, there is increasing evidence that these pheromones attract natural enemies (e.g., Bakke and Kvamme, 1981; Hendrichs et al., 1994; Boo et al., 1998; Millar et al., 2001; Mendel et al., 2004) . This is of importance, as catching large numbers could impact negatively the densities of these beneficial insects, and potentially result in increases in pest populations. However, this aspect has not been studied in great detail to date. The analysis of response patterns by natural enemies to the different compounds can further elucidate the role of these infochemicals in the behavioral mechanisms related to kairomonal attraction, prey detection, prey preference, and functional response.
In this work, we undertook an international study to determine if there is dose response to sex pheromones of hosts by natural enemies, by using the responses of Elatophilus spp. and Hemerobius stigma, to the pheromones of three pine bast scales, Matsucoccus feytaudi Ducasse, Matsucoccus matsumurae Kuwana, and Matsucoccus josephi Bodenheimer and Harpaz, and also to a new analogue of the M. feytaudi sex pheromone. We also examined the specific responses of these natural enemies to different types of traps in order to develop an optimal trapping method to monitor or attract natural enemies of M. feytaudi and to evaluate the adverse effect of trapping with M. feytaudi pheromone on its natural enemies.
Methods and Materials
The experiments were repeated in four European regions: Aquitaine and Corsica in France, Península de Setú bal in Portugal, and Liguria in Italy. In each region, a trapping line was set up at two different sites, with traps separated by about 25 m.
At each site, we tested four compounds (synthetic sex pheromones of M. feytaudi, M. josephi, and M. matsumuare, as well as a new analogue of the M. feytaudi pheromone, Fig. 1 ) at four concentrations (400, 800, 1400, and 2200 mg), using two trap types (delta and plate) and two sticky surface areas (15 Â 15 cm vs. 30 Â 30 cm), for a total of 64 traps. In addition, there were four control traps (a delta and plate trap with either a 15 or 30 trapping surface). Traps were made of white polypropylene and covered with a sticky material. The active compounds were used in the form of racemic mixtures: 56:44 EE/ZE ratio for M. josephi sex pheromone and 65:35 EE/ZE ratio for the other three compounds.
Pheromones were synthesized at the UPMC, INRA-Versailles. The new analogue was synthesized by using a procedure similar to that used for the synthesis of M. matsumurae pheromone (Watanabe et al., 1997) . Lures for M. feytaudi, M. feytaudi analogue, and M. matsumurae pheromones were loaded in caps of rubber septa (OD 8 mm, purchased from Sigma-Aldrich) in France (INRA-Versailles), and those for M. josephi were prepared in Israel (Volcani Center).
Trials were carried out between April and May, 2000. Sticky surfaces of traps were replaced twice a week, and the lures (rubber septa) replaced every 2 wk. In all sites, we recorded the number of brown lacewing, H. stigma Stephens. We also collected predaceous bug adults: Elatophilus nigricornis Zetterstedt in France and Italy and Elatophilus crassicornis Reuter in Portugal.
Data were analyzed by ANOVA, following logarithmic of x + 1 transformation and subject to post hoc Student-Newmann-Keuls multiple-range tests (a = 0.05).
The M. josephi, M. feytaudi, and M. matsumurae pheromones have different relative volatiles (Dunkelblum et al., 1996) . Therefore, to test lures with similar release rates, we compared the kairomonal response of the predators 400 and 800 mg of M. feytaudi sex pheromone with that of 1400 and 2200 mg of M. matsumurae sex pheromone. In this experiment, the data were analyzed using independent sample t tests.
Results

Kairomone Composition and Dose
There was significant region Â kairomone interaction for both E. nigricornis and H. stigma [F(6,204) = 10.51, P < 0.001 and F(9,2720) = 7.13 P < 0.001, respectively], so separate ANOVAs were conducted for each region. In the four regions, and for both groups of predators, the two main factors kairomone type and dose were significant (Tables 1 and 2 ). The mean catches increased with increasing dose of all pher- The highest Elatophilus species captures were in traps baited with the M. feytaudi pheromone, followed by the M. feytaudi analogue and M. matsumurae pheromone at all sites (Fig. 3) . Similarly, in Aquitaine and Portugal populations, H. stigma were mostly attracted by M. feytaudi pheromone, followed by M. feytaudi analogue (Fig. 2) . In contrast, especially at the higher doses, H. stigma from Corsica and Italy were mostly attracted by M. matsumurae pheromone (Fig. 2) . The comparison 400 and 800 mg of M. feytaudi sex pheromone with 1400 and 2200 mg of M. matsumurae sex pheromone, gave different results depending on the region. The western populations of the brown lacewing were equally attracted to both semiochemicals, whereas the eastern populations showed a significantly higher attraction to the M. matsumurae pheromone (Table 3) . Furthermore, the eastern populations of Elatophilus species showed no preference for either kairomone, whereas the western populations were more attracted to the M. feytaudi pheromone.
Trap Size and Design
Captures of H. stigma were higher in Corsica and Portugal than in Aquitaine and Italy (Fig. 4) . In Liguria, delta traps captured significantly more brown lacewings than plate traps (Fig. 4, Table 1 ), whereas no differences were observed in the other three regions. As for Portugal, where the Elatophilus spp. catches were two to three times higher than in the other three regions (Fig. 5) , plate traps captured more bugs than delta traps, thus explaining the observed trap type effect for this species (Table 2) . Differences caused by trap size were not significant at any site.
Discussion
The results provide new evidence that predators respond to the sex pheromones of several scale species in several different geographic locations, suggesting that they play a role in host location. This kairomonal activity was previously demonstrated in Europe (Mendel et al., 2003 and Israel, where E. hebraicus responded to the same Matsucoccus pheromones (e.g., Dunkelblum et al., 1996; Mendel et al., 1997 Mendel et al., , 2003 . Pine bast scales occupy an inconspicuous location under the bark of the trunk where they feed on the phloem, and in their native environment they generally occur in extremely low densities. Therefore, the use of the host sex pheromone would provide a reliable cue to locate prey, and the fact that they respond to the pheromones of several different scales would improve their ability to locate different host species. Predators require higher concentrations to locate the pheromone source than male pine scales, suggesting that scales may only be extensively exploited when densities are abundant enough to sustain natural enemy populations. However, the high kairomonal response of predators suggests that sex pheromone may also be used to draw natural enemies into the habitat and increase the local population of natural enemies. Further studies are needed to evaluate this possibility.
There are several nonmutually exclusive explanations for the observed intersite differences that are noted above: (i) the effect of prevailing climate on both the effectiveness/longevity of lures, as well as the behavior of the target species, (ii) the actual population densities of prey/predator populations, (iii) the relative importance of the scales as prey to these predators in each habitat, and (iv) the time that prey and predators have been in association at the different sites (Jonsson and Anderbrant, 1993; Sharov et al., 1996; Mendel et al., 1997; Krips et al., 1999) . Although several examples of different geographic variation in intraspecific sex pheromones have been reported (McElfresh and Millar, 2001; Anderbrant et al., 2000; El Sayed et al., 2003) , we believe that the marked differences in response of both H. stigma and Elatophilus spp. to different host pheromones is the first example of geographic variation in response to kairomones. These differences are possibly related to the fact that the western regions correspond to the original geographical range of M. feytaudi, whereas this species was only introduced into Italy and Corsica in the 1970s and 1990s, respectively (Covassi and Binazzi, 1992; Jactel et al., 1998; Burban et al., 1999) . Prior to the introduction of M. feytaudi, M. pini was the only pine bast scale present in these eastern regions (Rieux, 1976; Tranfaglia et al., 1985) . The sex pheromone of M. pini is not known, but our results suggest that it may resemble the sex pheromone of M. matsumurae. This is also consistent with the observation that Sympherobius fuscescens, another potential predator of M. pini in the eastern areas, also responded to the sex pheromone of M. matsumurae but not to that of M. feytaudi . The observation that the predators of M. pini responded to the M. matsumurae pheromone emphasizes the need to clarify the taxonomic status of these two species, as suggested by Kosztarab and Kozá r (1988) . Dunkelblum et al. (2000) reported that the species specificity of the pheromone was dependent on the structure of the side chain, whereas the kairomonal effect was dependent on the ketodiene moiety. However, as all compounds tested in this study had a common ketodiene moiety yet differed markedly in kairomonal activity, this indicates that changes in the side chain also affect the response of natural enemies.
There are significantly different dose-dependent responses by scale predators. When sex pheromones are used as a pest management strategy, then the potential negative effects on the populations of natural enemies must take this into consideration when determining the most effective dose to use. Furthermore, no saturation level was observed by predators over the dose range tested, which contrasts with the observed response of M. feytaudi males to increasing dose of sex pheromone (Branco et al., 2004) . The present results indicate that generally the size and type of trap did not influence efficiency, except for large plate traps, which caught more E. crassicornis when there were high densities of this predator. A preference for vertical objects, as observed elsewhere among other groups of insects that use trees for shelter or feeding (e.g., Willis et al., 1994; Gross et al., 2001) , may explain this result.
In summary, the present study provides information on the kairomonal responses of these entomophagous insects that could be useful in the pest management strategies against the pine bast scale. Additional research is required to determine the relative importance of biotic and abiotic factors affecting the responses of natural enemies to scale pheromones, and how these may differ at different geographic locations.
